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PROCESS OF MANUFACTURING A TUNGSTEN 
LAMP FILAMENT 

BACKGROUND OF THE INVENTION 

Coiled tungsten ?laments are now used in incandes‘ 
cent and ?uorescent lamps as well as other type electric 
lamps and a serious problem associated therewith oc~ 
curs when these lamp ?laments are manufactured. Spe~ 
ci?cally, these tungsten lamp ?laments are customarily 
coiled and heat-treated on a wire mandrel at tempera 
tures suf?ciently elevated to produce contamination 
from the mandrel material. Such contamination can be 
avoided by controlling the temperature of heat treat 
ment belowlthe range where contaminant transport to 
the ?lament occurs. Thus, temperatures are generally 
maintained below ll00° when a steel mandrel is used 
and l600° when a molybdenum mandrel is used. Such 
temperatures are close to the safe limit because of the 
need to maximize stress relaxation in the ?lament mate 
rial. The coating of steel mandrels with certain metals 
has also been proposed but with said coatings consisting 
of non-refractory metals having melting temperatures 
considerably below the melting temperature of the 
tungsten ?lament. The coating of steel wire mandrels in 
this manner is said to permit heat treatment of tungsten 
?laments coiled thereon to temperatures around 1300° 
C. which is suf?ciently elevated to at least permit some 
annealing of the tungsten ?laments and the coated wire 

' mandrels are said to be dissolved thereafter in a custom 

SUMMARY OF THE INVENTION 

It has now been discovered that signi?cantly more 
‘ barrier layer protection can be afforded to coiled tung 
sten ?laments manufactured for electric lamps by a 
process which includes coiling and heat treatment upon 
a molybdenum mandrel when said molybdenum man 
drel is coated with particular refractory metals, namely 
tungsten and tantalum. Thus, a molybdenum mandrel 
coated with tantalum permits heat treatment of tungsten 
?laments coiled thereon to be increased approximately 
200° C. from the 1600" C. temperature limit previously 
imposed to avoid molybdenum contamination of the 
?lament during the treatment. An even greater eleva 
tion of the temperature limit for heat treatment is possi 
ble when the molybdenum wire mandrel is properly 
coated with tungsten and which permits full stress re 
laxation of the tungsten ?laments coiled thereon to be 
achieved by heat treatment to include recrystallization 
of the tungsten coil material. It has also been found that 
such refractory metal coated molybdenum mandrels 
‘can subsequently be dissolved in the customary manner 
from the heat-treated coiled tungsten ?laments and 
without signi?cant detrimental effect upon the tungsten 
coil material. 

In a preferred embodiment, a protective tantalum 
deposit was produced on the molybdenum mandrel 
wire by’ chemical vapor deposition technique wherein a 
volatilized tantalum precursor material was thermally 
decomposed to produce a coating thickness in the range 
.2-14 micrometers thickness. A uniform and smooth 
coatingof tantalum crystallites resulted having suf? 
cient integrity to preclude the thermal diffusion of mo 
lybdenum therethrough when employed for manufac 
ture of coiled tungsten ?laments in the manner previ 
ously described. In a different preferred embodiment, a 
protective tungsten deposit was achieved on the molyb 
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2 
denum wire mandrel by the same general vapor deposi 
tion technique with a volatile tungsten precursor mate 
rial and which produced heavier coatings up to approxi 
mately 25 micrometers thickness suf?cient to avoid 
molybdenum contamination of tungsten lamp ?laments 
when coiled and heat-treated thereon as previously 
described. Surprisingly, the attack. by an acid mixture 
subsequently employed to dissolve the tungsten-coated 
molybdenum wire mandrel proved much less severe on 
the coiled tungsten ?laments than on the mandrel itself 
which is a signi?cant bene?t for commercial practical 
ity of the present discovery. 

It is a general object of the present invention, there 
fore, to provide an improved electric lamp ?lament of 
tungsten when coiled and heat-treated to a temperature 
of at least 1600° C. on a wire mandrel containing molyb 
denum which is essentially free of molybdenum con 
tamination. 
A further important object of the present invention is 

to provide an improved method of manufacturing a 
tungsten lamp ?lament which includes coiling and heat 
treatment of said coiled ?lament tor a temperature of at 
least 1600° C. on a wire mandrel containing molybde 
num which is not accompanied by contamination of the 
coiled lamp ?lament with molybdenum. 
These objects and others which will become apparent 

from the following detailed description are achieved by 
providing a barrier layer coating on said wire mandrel 
with a refractory metal selected fromv tungsten and 
tantalum. 

DESCRIPTION OF THE DRAWING 1 

The accompanying drawing represents a cross sec 
tional view of a coiled tungsten ?lament in combination 
with a molybdenum containing mandrel modi?ed in 
accordance with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The accompanying drawing depicts the manner in 
which the present improvement is carried out. Speci? 
cally, a wire mandrel 10 is shown having a central core 
12 of molybdenum metal or other suitable molybdenum 
alloy and which further includes a coating 14 of tanta 
lum or tungsten. Said coating 14 can be deposited on 
said molybdenum containing wire mandrel by various 
techniques and a convenient deposition method is more 
fully described hereinafter. Wound around said coated 
wire mandrel 10 is a coiled lamp ?lament 16 of tungsten 
metal which can further include the conventional addi 
tives now employed for some lamp product applica 
tions. Said coiled lamp ?lament 16 is formed about said 
refractory metal coated mandrel in the customary man 
ner and thereafter heat-treated in place on said coated 
mandrel to produce a metallurgical structure in the 
tungsten material suitable for the particular lamp prod 
uct involved. Following said heat treatment, the coiled 
tungsten ?lament 16 can be further processed in the 
customary manner and which generally includes dis 
solving the mandrel from the coiled ?lament by immer 
sion in a known or modi?ed acid mixture. 
Chemical vapor deposition provides a convenient 

method to deposit both tantalum and tungsten barrier 
layers on the molybdenum containing wire mandrel in a 
form substantially precluding thermal transport of the 
underlying molybdenum to a tungsten lamp ?lament 
coiled thereon. Such transport barrier layer can be pro 
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vided in this manner by simply heating the mandrel 
wire utilizing its electrical resistance in a suitable reac 
tion chamber containing an atmosphere of the selected 
refractory metal precursor material in a gaseous state. 
Accordingly, tantalum chloride can be supplied at 
80°-100° C. in a vacuum reaction chamber containing 
the heated molybdenum mandrel wire for thermal de 
composition of said precursor material on the heated 
molybdenum wire surface at temperatures around 1300° 
C. and for times varying between 20 minutes and 3 
hours to produce tantalum~protecting coatings varying 
in thickness from 2 micrometers to 14 micrometers as 
previously disclosed. A uniform and smooth coating of 
tantalum was achieved in this manner. The relative 
degree of freedom from molybdenum contamination for 
coiled tungsten lamp ?laments prepared in the forego 
ing manner was determined with conventional electron 
beam microprobe analyses. Speci?cally, samples of 
approximately 0.13 millimeter diameter lamp grade 
tungsten wire were prepared which had been coiled at 
the rate of 59 tunrs per centimeter length on a 0.35 
millimeter diameter molybdenum mandrel wire that 
had been precoated with a 7.0 micrometers thick tanta 
lum coating and with said coiled tungsten lamp ?la 
ments thereafter having been heat-treated while on said 
mandrel in a Brew vacuum furnace at 100° C. tempera 
ture intervals from 1500° C. to 2500° C. for 10 minutes. 
Control samples of the same tungsten lamp ?laments 
coiled upon uncoated mandrels evidenced molybdenum 
contamination at heat treatment temperatures of 2000° 
C. and higher. Molybdenum contamination for the sam 
ples coiled upon the coated mandrels was observed only 
after the heat treatments commencing at 2200° C. On 
the basis of said examination, it follows that annealing 
temperatures were elevated approximately 200° C. by 
use of the protective tantalum coating on the molybde 
num wire mandrel although the above identi?ed analy 
sis did further indicate some presence of tantalum in the 
coiled tungsten ?laments occurring at heat treatment 
temperatures of 2000° C. and higher. Such tantalum 
migration was not found detrimental in lamp applica 
tions, however, since the black deposits ordinarily en 
countered during lamp operation with molybdenum 
contamination of the coiled tungsten lamp ?laments did 
not similarly occur with these tantalum contaminated 
coils. 

Further tests were conducted with dissolving the 
above tantalum-coated mandrels in standard molybde 
num dissolving acids. The dissolution of said tantalum 
coated mandrels was readily achieved in an acid mix 
ture comprising 33 weight percent nitric acid and 37 
percent sulfuric acid at 60° C. in time periods as short as 
5 minutes. Since the rate of dissolution from these tests 
was found to be comparable to dissolution of uncoated 
molybdenum wire mandrels, it can be concluded that 
such coatings are not only technically feasible but com 
mercially practical as well. 

In a different embodiment of the present invention, 
tungsten coatings were deposited upon the same molyb 
denum mandrel wire utilizing the same general chemi 
cal vapor deposition techniques above described. Such 
tungsten barrier layer was deposited on the heated mo 
lybdenum wire at approximately 600° C. by thermally 
decomposing tungsten hexa?uoride which had been 
admitted to the reaction vessel as a mixture with hydro 
gen gas. Said tungsten deposit had a matte appearance 
of columnar-shaped crystals although advantageously 
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4 
deposited at a faster rate and lower temperature than 
accomplished with the tantalum coatings previously 
described. Again, the coated 0.35 millimeter diameter 
molybdenum mandrel wire was utilized to coil 0.13 
millimeter diameter ordinary lamp grade tungsten wire 
at 59 turns per centimeter length and said coiled tung 
sten lamp ?laments thereafter subjected to heat treat 
ment in the Brew vacuum furnace at 100° intervals from 
1500“ C. to 2500° C. for ten minutes at each interval. 
The microprobe analysis upon said samples found no 
molybdenum contamination in the tungsten coil even at 
the 2400° C. annealing temperature where some tung 
sten recrystallization was observed. On the other hand, 
dissolution of the tungsten-coated molybdenum man 
drels was not as readily achieved compared with the 
tantalum-coated mandrels. A forty-?ve minute expo 
sure was needed to dissolve molybdenum mandrels 
coated with approximately 2 micrometers thickness 
tungsten coating in a boiling mixture of nitric acid and 
sulfuric acid which further contained a small amount of 
hydrochloric acid and a ?uorosurfactant. Such slower 
rate of dissolution is not regarded as rendering the em 
bodiment technically unfeasible, however, since less 
than 1 percent loss of tungsten from the coiled tungsten 
lamp ?laments was experienced during the acid treat 
ment. Moreover, no defects could be visually observed 
in the coiled tungsten lamp ?laments after completion 
of the overall manufacturing process. 

It will be apparent from the foregoing description 
that a generally useful method has been discovered to 
protect electric lamp ?laments of tungsten from molyb 
denum contamination when coiled and heat treated on 
molybdenum wire mandrels and which affords higher 
annealing temperatures of the tungsten coils on the 
modi?ed mandrels to be used. It will also be apparent 
that modi?cations of such improved process of manu 
facturing tungsten ?laments than above speci?cally 
disclosed are possible without departing from the spirit 
and scope of the present invention. For example, it is 
contemplated that deposition methods other than chem 
ical vapor deposition can prove equally suitable for the 
purpose of coating the molybdenum wire mandrel with 
the particular refractory metal selected. It is intended to 
limit the present invention, therefore, only by the scope 
of the following claims. 
What we claim as new and desire to secure by United 

States Letters Patent is: 
1. An improved process of manufacturing a tungsten 

lamp ?lament which includes coiling and heat treating 
said ?lament to at least 1600° C. on a molybdenum wire 
mandrel until signi?cant stress relaxation has taken 
place, wherein the improvement comprises coating the 
bare metal surface of said wire mandrel with a chemical 
vapor deposit of a refractory metal selected from tung 
sten and tantalum prior to said coiling and heat treating 
steps to thereby prevent molybdenum contamination of 
said tungsten ?lament. 

2. An improved process as in claim 1 wherein the 
tungsten ?lament is recrystallized. 

3. An improved process as in claim 1 wherein the 
tungsten ?lament is annealed. 

4. An improved process as in claim 1 wherein the 
wire mandrel is molybdenum coated with tungsten. 

5. An improved process as in claim 1 wherein the 
wire mandrel is molybdenum coated with tantalum. 

* * * * * 


